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1 Introduction

The Global Learning and Observation to
Benefit the Environment (GLOBE) Program is
an international citizen science and education
program. GLOBE provides students, scientists,
and citizens worldwide with the “opportunity to
participate in data collection and the scientific
process, and contribute meaningfully to our un-
derstanding of the Earth system and global en-
vironment” [1]. The program collaborates with
the community to promote science education, en-
hance environmental literacy and stewardship,
and promote scientific discovery.

The GLOBE Program puts a heavy empha-
sis on data collection and distribution. The data
collected includes earth observations such as tree
height, cloud type, precipitation, etc. Training
is required for all individuals who enter data
into the GLOBE database and GLOBE part-
ners and Country Coordinators typically con-
duct trainings for GLOBE protocols. Teach-
ers are trained through in-person workshops and
eTraining modules while citizen scientists receive
training by following prompts in the GLOBE
Program’s App, GLOBE Observer. Training is a
strong part of the Program and serves to ensure
high quality data collection. Without training,
entering data is not permitted. More informa-
tion about the GLOBE protocols can be found
on globe.gov. Scientists benefit greatly from the
contributions of citizen scientists and students
because they contribute complementary, usable
data that enhances their projects. For example,
these data are used to ground-truth matching
satellite measurements, expanding the capacity
for data collection and data quality that is other-
wise limited by time and resource constraints. [2]

1.1 COVID-19 Pandemic

On March 11, 2020, the World Health Or-
ganization (W.H.O.) declared “SARS-CoV-2”
(COVID-19) a pandemic — a globally disrup-
tive event. As of December 31, 2020, 83.5 mil-
lion cases and 1.85 million deaths globally and
20.06 million cases and 353.6 thousand deaths
in the United States had been reported [3]. In
the United States (US) at the end of May 2020,
36.5% of COVID-19 patients were admitted to
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the ICU (compared to 17.6% admissions for in-
fluenza patients in the same time frame) and 21%
of COVID-19 patients died while hospitalized
(relative to 3.8% influenza patients)[4]. Addi-
tionally the median hospitalization duration for
COVID-19 patients by the end of May was 8.6
days relative to 3 days for the median duration
of influenza patients|4].

In response to the fluctuating increase of
COVID-19 cases since January 2020, public
health officials[5] encouraged frequent hand-
washing, public mask wearing, social distanc-
ing by maintaining 6 feet of space (or approx-
imately two meters) between people, and avoid-
ing enclosed and crowded spaces — efforts that
are known to reduce the spread of the virus[6].
The W.H.O. provided a list of quarantine sug-
gestions for individuals who felt sick[7]. Nearly
all countries instituted some form of lockdown,
restrictions, or curfew either on a city, county,
state, or country level[§].

1.2 Structure

This paper summarizes and provides a broad,
descriptive analysis of GLOBE data submissions
based on data entry types, GLOBE regions, and
selected protocols over time. We discuss poten-
tial pandemic impacts on GLOBE data collec-
tion and submission and note that data collec-
tion and eTraining continued throughout 2020
despite the pandemic. In addition, the analy-
ses of GLOBE data collection trends show that
pandemic-related restrictions (e.g. mandated
stay-at-home orders in 42 U.S. states and territo-
ries between March and May [9]) potentially de-
creased the quantity of citizen science data sub-
missions received.

Although many citizen science organizations
have reported success (in terms of increased com-
munity data submission) in 2020 despite the pan-
demic[9]]|10][11][12], few have tracked the change
in data submissions over time through the end of
2020. This report aims to provide an overview of
GLOBE data submissions throughout the pan-
demic. In addition to tracking submissions dur-
ing the pandemic, GLOBE is uniquely positioned
as an international citizen science and educa-
tional organization which allows for worldwide
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comparisons of data entered during the pan-
demic. GLOBE is particularly notable because
it collaborates directly with schools as well as
citizens. This paper aims to provide informa-
tion about GLOBE data in 2020 contextualized
by COVID-19 and relative to previous years and
across regions.

1.3 GLOBE Countries

As of December 31, 2020, the GLOBE Program
had established formal partnerships, with the
support of NASA and the Department of State,
with 124 countries. Specifically, GLOBE regions
include Africa (27 countries), Asia and Pacific
(A&P) (18 countries), Europe and Eurasia (EE)
(44 countries), Latin America and Caribbean
(LAC) (20 countries), Near East and North
Africa (NENA) (13 countries) and North Amer-
ica (NA) (2 countries). A map of the GLOBE
regions and participating countries can be seen
in Figure A full list of the countries can be
found on the GLOBE website| and in the Ap-
pendix, Figure A larger version of the map
in Figure[I] can be found on the GLOBE [website.

mmmm

Figure 1: GLOBE Regions

GLOBE countries in the LAC region are rep-
resented by the color orange, GLOBE countries
in the Africa region are represented by purple,
GLOBE countries in the A&P region by green,
GLOBE countries in the EE by blue and GLOBE
countries in NA by yellow. These colors will be
used to represent these regions throughout this
paper. A color key for these regions can be seen
in Figure 2

The gradient colors within the color key rep-
resent individual countries in the GLOBE re-
gions. Country specific data are not investigated
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in this paper and the country color gradient is
used as a representation of countries within the

regions.
LAC l A&P I NENA
] Africa I EE I

Figure 2: Region Color Key
2 Data

To conduct our analyses we used data from
six different sources. The primary data sources
were Our World in Data, The New York Times,
Worldometers, and GLOBE. The first two data
sources were selected because they track and up-
date COVID-19 case information daily. Worl-
dometers was selected as a source because it is
“run by an international team of developers, re-
searchers, and volunteers with the goal of making
world statistics available in a thought-provoking
and time relevant format to a wide audience
around the world.”

The first COVID-19 dataset, compiled by
Our World in Data, contains daily summary
data for countries and territories such as the
number of new COVID-19 cases, the number
of new COVID-19 deaths, the total number of
COVID-19 cases, the total number of COVID-19
deaths, weekly COVID-19 cases, weekly COVID-
19 deaths, biweekly COVID-19 cases and bi-
weekly COVID-19 deaths for each day in 2020.
The second dataset contains similar COVID-19
information for each state in the United States,
compiled by The New York Times. The
third dataset, also compiled by Our World in
Data[14], contains each country or territory and
it’s current population estimate. The fourth
dataset, found on Worldometers[13], containing
country/territory area data was used to calculate
population density.

The first GLOBE dataset is retrieved from
the GLOBE database. This dataset consists of
data submissions organized by protocol, submis-
sion type (the GLOBE Program’s app (GLOBE
Observer App), email data entry, mobile data
entry, web forms, and automated weather sta-
tions), and by location (country and GLOBE re-
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gion) for each day in 2020 as well as data on
the number of e-trained or workshop trained in-
dividuals. The second GLOBE dataset consists
of GLOBE ADAT (Advanced Data Access Tool)
and Visualization Tool access statistics. GLOBE
protocol, submission count, and location data
are publicly available.

In the figures that follow in section
GLOBE data were analyzed from 2016 or 2017
through 2020. The primary reason for these se-
lected years is that the GLOBE Observer App
was released for Android on April 20, 2016 and
on iOS on April 22, 2016. Some data submissions
start in 2017 to include a full year of data and the
resulting analysis includes data captured from
2017-2020. For all other analyses, the GLOBE
data begins with January 2016.

Using these six data sources, we analyzed
GLOBE data through the lens of the COVID-
19 pandemic.

3 Results

Entry of data into GLOBE’s databases re-
quires training of both teachers and citizen scien-
tists and data may be submitted in a number of
ways. Data submission types include automated
weather station measurements, web forms, email
submissions, and App entries. Below we present
trends in data entry over time as a whole and
for each of these means of entry as there are dif-
ferences in accessibility and utility by region and
country. We examine data entry by region and
by week in order to view yearly trends related to
school year cycles and global events. Through-
out the figures that follow we use a color scheme
consistent to that presented in section for re-
gion and country, as well as a color scheme for
years that is consistent across all graphics.

3.1 Participating Countries

To begin our investigation into the impacts of
COVID-19 on GLOBE data collection, we start
by looking at the total number of “participat-
ing” countries by year. Here, we define “partici-
pation” as having submitted data at least once.
By the end of 2020, NA had 2 participating
countries, NENA had 7 participating countries,
EE had 26, A&P had 9, Africa had 11, and LAC
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Figure 3: GLOBE countries that submitted data

In Figure [3] we note that A&P, EE, LAC,
and NA have seen relatively consistent partici-
pation. The Africa region had a slight decrease
in countries submitting data, however the total
number of countries participating is still greater
than the number observed in 2017. The NENA
region had an increase in participation over time
and the total participating countries remained
steady between 2019 and 2020.

In addition to observing which countries sub-
mitted data from 2016 to 2020, this paper also
investigates the total number of COVID-19 cases
as of December 31, 2020 by population density
in GLOBE countries to assess whether particu-
lar GLOBE regions were more heavily affected
by COVID-19 in terms of population density.

The total number of COVID-19 cases by pop-
ulation density for GLOBE countries (all values
rounded to the nearest integer) are presented in
Figure[d] The equation used to calculate the to-
tal COVID-19 cases by population density can
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be seen below.

S236% COVID-19 cases
population density

_ total COVID-19 cases in 2020

~ population in 2020/country area
where ¢ is the day of the year in 2020.

As of December 31, 2020, there are a num-

ber of countries that had cases by population
density less than 1, such as Bermuda (0.199),

Fiji (0.386), Marshall Islands (0.005), Mauritius
(0.327), Seychelles (0.460), and Taiwan (0.469)
that are not seen on the map. Of all GLOBE
countries with values greater than 1, Vietnam
had the lowest number of total COVID-19 cases
by population density and the United States had
the highest. The NA GLOBE region had the
highest number of COVID-19 cases by popula-
tion density, LAC had the second highest and
EE had the third highest.

GLOBE Country Total Cases by Population Density >1 (2020)

Location: United States
Cases by Pop Density:
230,582

©2021 Mapbox © OpenStreetMap

Cases by Pop Density

0 250,000
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Figure 4: GLOBE Country Total COVID-19 Cases by Population Density.

3.2 Weekly Submissions

We analyzed the total number of GLOBE data
submissions over the past 5 years (2016-2020). In
the following figures, submissions are reported by
year and by submission type. Each figure shows
the data trend over the course of a year grouped
by week. In other words, each data point repre-
sents the total number of submissions recorded
during a given week. Week 1 and week 53 are
excluded from the figures because they contain
different numbers of days from year to year.

Note that for the following figures, COVID-
19 was declared a pandemic on March 11, 2020
(week 11) by the W.H.O.; many GLOBE coun-
tries (particularly in A&P) were dealing with the
crisis much earlier.

Figure [5| shows the total number of GLOBE
submissions over the past five years. The data
show an increase in the total number of weekly
submissions over time. From 2016 to 2020 we
observe progressively more submissions and in
2020 an average of approximately 160,000 sub-
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missions per week compared to approximately Citizen Science Data Entry Past 5 Year Trend

60,000 per week in 2016.
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Figure 5: GLOBE Total Weekly Submissions.

Figure [6] shows the total number of weekly
GLOBE submissions over the course of a year
for the past 5 years excluding automated weather
stations. Automated weather stations can sub-
mit up to 96 measurements per day because they
can be taken at as little as 15 minutes intervals.
The majority of these automated weather sta-
tions are in the United States. Compared to
Figure [5, we see an immediate drop in the to-
tal number of submissions annually, and we see
the largest difference between the two datasets in
2020. For 2016-2019, we see an average weekly
difference between non-automated (citizen sci-
ence) submissions and all submissions of approx-
imately 20,000 per week. In 2020, that difference
increases to nearly 90,000 per week.

Notably, the number of weekly citizen science
submissions were already decreasing in the latter
half of 2019.

3.2.1 Submission Types

GLOBE has five primary methods for data in-
cluding email data entry (“Email DE”), the mo-
bile data entry app (“Mobile DE”), the GLOBE
Observer mobile app, web forms, and automated
weather stations. The mobile data entry app is
in the process of being merged with the GLOBE
Observer App.
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Figure 6:
missions

GLOBE Weekly Citizen Science Sub-

Starting with GLOBE’s email data entry in
Figure [7] we can see that use of the data entry
app has decreased throughout 2020 on average
by approximately 400 submissions per week.

Email Data Entry Past 5 Year Trend
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Figure 7: GLOBE Weekly

Submissions

Email Data

Email data entry from 2017-2019 ranged
from 65,000 measurements per week on aver-
age in 2017 up to 98,5000 measurements per
week on average in 2019. In 2020, we see a
steady decrease from 65,000 measurements to
about 42,000 measurements per week. While the
total number of submissions using email data
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entry was still greater in 2020 than it was in
2016 (35,500 per week on average), the effects
of COVID-19 may have impacted the quantity of
submissions submitted through email data entry.

Note that Figure [6] and Figure [7] share strik-
ing similarities. This indicates that email data
entry accounts for the majority of citizen science
observations.

Looking at web form submissions in Figure
we see that the total weekly submissions ap-
pear to follow a general pattern for a school year
in the northern hemisphere (more submissions
during the spring, week 2 - week 19, and during
the fall, week 33 - week 51). Entries during the
fall school year period appear to include a peak
during weeks 39-45, with submissions dropping
off into the end of the year, coinciding with hol-
iday breaks. On average, COVID-19 did not
appear to have an impact on web form weekly
submissions.

Web Form Data Entry Past 5 Year Trend
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Figure 8: GLOBE Weekly Web Form Data En-
try Submissions

Third, for the GLOBE Observer App data
submissions in Figure [9] we note that there has
not been a substantial decrease in the average
weekly submissions in 2020 compared to the past
4 years. Although previous years saw higher
unique spikes which are likely the result of data
collection campaigns, 2020 was largely consistent
across all weeks with an average of 960 submis-
sions per week.
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Next, we can see that the total number of
weekly submissions through the data entry app
(Figure have remained stable throughout
2020 and the trend did not vary substantially
from past years. In other words, the GLOBE
Observer App, which is used by students and cit-
izen scientists, has not seen any major difference
in data submission frequency in 2020 compared
to previous years.

Figure [11] shows the total number of weekly
automated weather station submissions over
time. These automated submissions contribute
greatly to GLOBE’s database. Between the end
of 2019 and the end of 2020 we have seen an in-
crease of about 40 thousand weekly submissions.

GLOBE Observer Data Entry Past 5 Year Trend

4000

W 2020
W 2019
W 2018
W 2017

2016

3500

3000

2500

2000

1500

1000

GLOBE Observer Submissions

500

0

Week 3

Figure 9: GLOBE Weekly GLOBE Observer
App Submissions

GLOBE received approximately 300 submis-
sions from mobile data entry, 65,000 from email
data entry, 970 from the GLOBE Observer App,
3,200 from web forms, and 85,000 from auto-
mated weather stations per week in 2020. In
2019, approximately 700 submissions from mo-
bile data entry, 98,000 from email data entry,
530 from the GLOBE Observer, 3,500 from web
forms, and 60,000 from automated weather sta-
tions were recorded per week.
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Mobile Data Entry Past 5 Year Trend
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Figure 10: GLOBE Weekly Mobile Data
Submissions
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Although GLOBE is receiving fewer citizen
science submissions through mobile and email
data entry, web forms, the GLOBE Observer
App, and automated measurements continue to
contribute to the increase in GLOBE data en-
tered into the database.

Automated Data Entry Past 5 Year Trend
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Figure 11: GLOBE Weekly Automated Submis-
sions

3.3 Submissions by Region

The following figures show the total GLOBE
measurements by year, divided by region. The
colors in the plots correspond to Figure [2]

The total GLOBE measurements shown in

Figure show a clear increase in total yearly
measurements over time. In 2020, GLOBE mem-
bers in NA submitted data approximately 7.5
million times, NENA members submitted data
approximately 87,000 times, LAC members sub-
mitted data approximately 22,000 times, EE
members submitted data approximately 460,000
times, A&P members submitted approximately
180,000 times and Africa members submitted ap-
proximately 18,000 times.

North America automated data entry sub-
missions were at nearly 5.5 million in 2020 and
the remaining, approximately 2.5 million mea-
surements, were citizen science related (Figure
[13). Figure [13) also shows that even although
a number of regions saw a decrease in citizen
science data submissions from 2019 to 2020, NA
and A&P regions did not see a substantial de-
crease.

Total GLOBE Data Entry by Region

Region Name:
8M Asia and Pacific

7™M

6M  Region Name:
Africa

w
c
i mm
7]
2
= .
5 EEQ‘OTW Region Name:
3 ame: . Latin America
= EUFODFan and Caribbean
) Eurasia
o
s
3M I
oM Region Name:
Near East and
North Africa
M Region Name:

North America

oM

2016 2017 2018 2019 2020

Figure 12: GLOBE Submissions by Region

In the NA GLOBE region there was a clear
increase in total data submissions from 2016-
2020; as we’ll see in further figures, this increase
can be attributed to the increase in automated
measurements. In Africa, there was a sharp de-
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crease in total data measurements since 2017
(when GLOBE received nearly 100,000 submis-
sions from the Africa region). It is possible
that the decrease in measurements from 2019 to
2020 for EE and NENA may be attributable to
COVID-19 stay-at-home restrictions but could
be investigated further given that similar de-
creases were not observed in other regions in
which restrictions were also in place.

Total Citizen Science Data Entry by Region
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Figure 13: GLOBE Weekly Citizen Science Sub-
missions by Region

3.3.1 Submission Types

Next we observe the regional distribution of web
form based submissions over the past five years
(Figure . Note that there is an order of mag-
nitude difference in total submissions between
web forms and email data entry. Web form sub-
missions are most popular in the A&P, EE, and
NENA regions.

The A&P region submitted more data via
web form in 2020 compared to previous years,
whereas, EE, LAC, and NA submitted less data
than in past years. There was a steady increase
in total web form submissions from 2016 to 2019,
followed by a decrease in 2020.
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Figure 14: GLOBE Weekly Web Form Data En-
try Submissions by Region
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Figure [I5] shows that the GLOBE Observer
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App attracts submissions uniformly across all
regions. In this figure, we see that A&P and
EE have continued to submit approximately the
same amount of data from 2018-2020. All other
regions have seen a slight decrease in total sub-
missions in 2020 compared to 2019.

Automated submissions were excluded from
the submission type regional analysis because
the total number of automated submissions has
steadily increased from 2016 through 2020 and
all automated submissions came from the NA
region. Mobile data entry submissions were ex-
cluded because the app is in the process of being
merged into the GLOBE Observer App. Email
data entry submissions were excluded because
the data is nearly identical to the weekly citizen
science data entry figure.

3.4 Selected Protocols

In this section, we present data for two specific
protocols: the cloud protocol and the mosquito
protocol.

These data include 2017-2020 submissions
as the GLOBE Observer App (most clouds and
mosquitoes submissions are entered via this app)
became available in 2016 and submissions were
sparse in the 1st year the app was available.

Clouds Protocol Past 4 Year Trend

ssions

Cloud Subm

Figure 16: GLOBE Weekly Cloud Submissions
Over Time

First, looking at the GLOBE clouds pro-
tocol data submissions in Figure we notice
that there was a steady increase in the average

Sponsared by: [ CH

number of weekly cloud submissions from 2017
to 2019. In 2018, there is a spike in the spring
which can be attributed to the GLOBE Observer
Spring Clouds Challenge. There is also a spike
around fall 2019 which can be attributed to the
GLOBE Observer Fall Cloud Observation Data
Challenge. In 2020 we see a similar spike in the
fall due to GLOBE Observer’s 2020 Community
Cloud Challenge: Science is Better Together.
Overall, the cloud submissions have continued
to steadily increase, annually, on average. The
school year seasonality can be seen here as well.

Mosquito Protocol Past 4 Year Trend

800 M 2020

Mosquito Submissions

Figure 17: GLOBE Weekly Mosquito Submis-
sions Over Time

Next we focus on the four-year mosquito pro-
tocol data submission trend (Figure [17). Be-
tween 2017 and 2019, there was a noticeable in-
crease in weekly submissions. In 2020, the total
number of weekly submissions remains at an av-
erage of approximately 50 submissions per week.
There were no large spikes in mosquito data sub-
mission in 2020, and submissions remained rel-
atively stable as in past years. The spikes in
2019 may be attributed to the GLOBE Observer
Mosquito Blitz in the spring and the GLOBE
Mission Mosquito (GMM) webinars in the fall.

3.5 Mosquitoes

The mosquito protocol was selected for this pa-
per to study whether there was a heightened in-
terest or awareness in public health issues related
to COVID-19.
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At GLOBE the mosquito protocol was in-
tegral to the success of a recently completed
collaborative project with the Department of
State called the “GLOBE Zika Education and
Prevention project.” The project pushed the
edge of citizen science impact and enlisted thou-
sands of students, teachers, and communities
to collect data on mosquitoes for a global map-
ping project. The project exceeded it’s goals,
increasing mosquito studies and creating con-
nections between public health officials to better
control mosquitoes and reduce mosquito borne
infectious disease. The GLOBE mosquito pro-
tocol continues to be used in ongoing studies
as a powerful tool for mitigating local mosquito
populations.

Number of Countries that Submitted
Mosquito Data

) “‘ll
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Number of Countries Submitting Mosquito Data
=
[02]
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Figure 18:
Mosquito Data

GLOBE Countries Submitting

Figure [18]is a representation of the countries
that have submitted mosquito data. The Zika
Project started in 2018 and targets the Africa,
A&P and NENA regions. As mentioned in sec-
tion [I.3] purple colors represent countries in the
Africa region, green colors represent countries
in the A&P region, and orange colors represent

countries in the LAC region.

When the project started in 2018, GLOBE
saw a sharp increase in the number of distinct
participating countries (from nine countries to
26). In 2019, GLOBE had one additional coun-
try submit mosquito data, with fewer coun-
tries from the A&P region and more countries
from the Africa region participating. In 2020,
many countries within these GLOBE regions
were heavily impacted by COVID-19 which may
have influenced the total number of participat-

ing countries.

Mosquito Data Submissions by Year
and Country
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Figure 19: Yearly GLOBE Country Mosquito
Submissions

Finally, the total data submissions by re-
gion (Figure show that after the Zika project
started in 2018, there was a substantial increase
from 2017 to 2018 and then again between 2018
and 2019. The Zika project was heavily im-
pacted by COVID-19 as travel restrictions were
implemented, which prevented further protocol
and community training, and the project began
wrapping up in late 2020. In 2020, there was a
sharp decrease in submissions across each of the
three Zika Project GLOBE regions but the total
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data submitted was still greater than 2017.
3.6 Training

GLOBE provides protocol e-Training and in-
person protocol workshop training to teach edu-
cators, students and citizen scientists how to cor-
rectly follow GLOBE protocols to collect data.
In this section, we briefly look at the total num-
ber of individuals that are trained weekly.
First, Figure 20| shows the number of individ-
uals that are e-trained weekly from April 2016
- December 2020. The vertical axis shows the
total number of people that are e-trained with a
maximum of approximately 155 people.

Number of People E-Trained Monthly
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Figure 20: Number of People E-Trained Weekly

It’s notable that the number of people taking
the GLOBE e-Training have remained approxi-
mately the same over the past five years. In fact,
in early 2020, prior to the declaration of the pan-
demic in week 11, GLOBE saw a greater number
of individuals being trained compared to previ-
ous years. For the remainder of the year, the
number of trained individuals remained about
the same as those trained in 2016-2019.

Second, the number of individuals that were
in-person workshop trained weekly from April
2016 - December 2020 are shown in Figure
The horizontal axis shows the week of the year
and the vertical axis shows the total number
of people that were workshop trained with a
maximum of approximately 1,350 people. There
were substantially fewer individuals trained in
in-person workshops in 2020 than in previous

3
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years, likely related to COVID-19 related re-
striction for in-person activities.
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Figure 21: Number of People Workshop Trained
Weekly

4 Related Work

Citizen science programs had a great oppor-
tunity to encourage participation in science and
data collection during the pandemic as some in-
dividuals had more flexibility, time at home, and
opportunities to be engaged outdoors during this
period. Many citizen science organizations, in-
cluding GLOBE, began encouraging more cit-
izen science participation and student engage-
ment (e.g. via online working activities and data
entry) [[7].

Although GLOBE did not see an increase in
citizen science participation throughout the pan-
demic, many citizen projects reported an
uptick of citizen science submissions around the
beginning of the pandemic (March 11 — early
April). Undark Magazine reported that Zooni-
verse saw “200,000 participants contributed over
five million classifications across all projects, the
equivalent of 48 years of full-time research” .
Projects such as Stall Catchers (supporting
research for Alzheimer’s disease)[11], COVID-
19 Citizen Science (tracking COVID-19 Symp-
toms)[19], and Globe at Night (a citizen science
organization collecting data of the night sky and
light pollution)[20], are just a few examples of
citizen science programs that saw increased par-
ticipation throughout the pandemic. InsideCli-
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mate News wrote that “Citizen science [is see-
ing] a boom in participation... motivated by
cuts [to] environmental protections and COVID-
19 impacts on data gathering and justice.” [21]

Other science, education and student engage-
ment programs — such as the GLOBE Program
— did not see an increase in data submissions in
2020. For example, SABAP2 (Southern African
Bird Atlas Project) stated that “most citizen sci-
entists in South Africa were not able to sub-
mit full protocol lists during the Alert Level 5
lockdown” [22] due to “mobility [being] severely
constrained” [22]. Haeftan, et al. (2020) identi-
fied factors that could potentially be problematic
for citizen science organizations in the midst of
COVID-19. These factors include: (a) Limited
time and resources to develop and implement
project, (b) variable student access to resources,
(c) challenges engaging students, (d) health and
safety concerns, etc.[23] Many of these, in par-
ticular, access to resources and health and safety
concerns, are likely sources of impact to the
GLOBE citizen science effort.

5 Conclusions and Future Work

This paper provides a descriptive analysis of
GLOBE data over time with a focus on the po-
tential impacts of COVID-19. The goal of this
paper was to provide broad insight into GLOBE
data collection trends, the potential impact of
COVID-19 restrictions on data collection world-
wide and on the continuation of GLOBE proto-
col training, in-person and online.

The GLOBE Program is a successful science,
education, and citizen science program that has
reached a global audience since 1995. In this pa-
per, we presented a number of summaries detail-
ing GLOBE data collection and entry over time.
These data show that GLOBE did not experi-
ence an increase in citizen science data submis-
sion during the time period investigated and that
the resulting restrictions due to the COVID-19
pandemic may have had a slight negative im-
pact on some data collections. GLOBE saw a
decrease in email data entry submissions in 2020
compared to previous years. Web form, GLOBE
Observer App, and mobile data entry were not
impacted by the pandemic.

Sponsored by: @ Supported by: @
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It is challenging for a causal link between
COVID-19 restrictions and GLOBE citizen sci-
ence participation by data submission to be es-
tablished as there are a number of potential con-
founders such as lack of access to protocol ma-
terials and educators. In addition to teachers
not being able to teach in-person and a lack of
resources, social distancing and stay-at-home or-
ders may have also played a role in data submis-
sion trends as students couldn’t get outside to
take Earth science measurements. Despite the
overall increase in data submissions, we posit
that COVID-19 restrictions and additional fac-
tors have resulted in an overall decrease in cit-
izen science weekly data submissions (particu-
larly with email data entry) and decrease in in-
person workshop trained users. GLOBE paused
in-person workshops in early 2020 to mitigate
the spread of the COVID-19 pandemic. From
Figure[19|we postulate that COVID-19 was such
an overwhelming public health crisis that people
may have had little personal capacity or inter-
est to investigate other public health areas like
vector-borne disease, although we expect an in-
creased interest in this area as restrictions are
lifted.

An area to investigate further is whether the
observed decreases in GLOBE data submission
during the investigated time period were due to
COVID-19 or because of other external factors.
For example, many of the GLOBE protocols re-
quire additional materials (e.g. thermometer)
that many people may not have at home. Teach-
ers are typically trained in the GLOBE proto-
cols and guide their students in protocol mea-
surements. With COVID-19 restrictions in place
and schools being closed, it’s possible that stu-
dents did not have access to the materials they
needed to complete some of the protocols. Most
of the GLOBE protocols included in the GLOBE
Observer App do not require any additional ma-
terial and these protocols did not appear to see
a substantial decrease compared to other data
submission methods over time. It would be inter-
esting to analyze whether GLOBE schools that
experienced different COVID-19 related restric-
tions in different countries submitted different
amounts of data.
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Another area to investigate is whether or not
schools located in cities versus rural areas were
able to submit more, less, or the same number of
submissions as previous years. Figure [I3] shows
a substantial decrease in citizen science submis-
sions particularly in the EE region. A ques-
tion that arises is whether or not this is due to
many schools being in high density cities as op-
posed to the US, for example, where many of
the schools are in rural and suburban areas. A
potential dataset that could help with such an
analysis is the CDC’s Urbanization Classification
dataset|24].

Data quality could be an additional topic
for further investigation. Data quality is one
of GLOBE’s highest priorities. This paper re-
searched data quantity — how much data GLOBE
received over a given time period by region.
It’s possible that data submitted throughout the
pandemic may be more precise due to people
having more time to dedicate to submission qual-
ity. Alternatively, it’s possible that submission
quality was negatively impacted as a result of
fewer in-person training sessions and less hands-
on learning facilitated by teachers for students.

Citizen science opportunities such as those
provided by the GLOBE Program provide the
public with a means to be active participants in
collecting meaningful scientific data. Scientists
benefit from increased availability of data that
are used directly to enhance research data sets
or to validate research. Citizen scientists’ data
also benefit educators who use GLOBE data to
educate students and answer local Earth science
questions at local scales globally. Students and
teachers alike also use the GLOBE app to enter
data. Citizen science enhances data collection
because it engages larger audiences and provides
multiple opportunities for people to play an ac-
tive role in science.

We conclude this paper by providing a num-
ber of suggestions. First, GLOBE is in the pro-
cess of translating eTraining modules to be more
inclusive of all citizen scientists, which partici-
pate from locations worldwide and would bene-
fit from training materials language adaptations.
Second, GLOBE may consider which protocols
can be simplified further so that citizen scientists
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that do not have access to some of the more so-
phisticated tools needed for some protocols can
still participate and submit measurements out-
side of a school or educational environment that
has access to such tools. Third, GLOBE may
be interested in migrating the e-Training mod-
ules to a Learning Management System built
with schools in mind, such as Google Classroom
(or a similar platform) and updating the current
slides to a PDF format in order to increase vis-
ibility and ease of use (while also retaining the
availability of the current PowerPoint format).
Fourth, GLOBE might consider optimizing the
Advanced Data Access Tool to reduce the time
it takes to download a data file summary and
work on updating the Visualization system to
simplify data visualization. The latter can be
accomplished by asking for the community and
members outside of the GLOBE community to
provide feedback or by making the code bases for
those systems open source.

After 26 years, GLOBE continues to grow
with more countries joining each year, giving the
opportunity for increased data coverage which
will lead to more measurements and perhaps the
closure of data gaps for certain protocols. In ad-
dition, it is likely that the composition of the
suite of protocols that are in the program will
change, altering the nature of the data avail-
able. Finally, as technology changes, different
and more advanced data collection instruments
may appear and be integrated into the program.
However, GLOBE’s commitment to maintaining
data as well as data quality, its engagement of
the community in the collection and use of the
data, will remain steadfast.
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Appendix

Current list of GLOBE countries by GLOBE region (see

also: GLOBE Community Map):

Region Country Region Country Region Country Region Country
Africa Benin Asiaand Pacific Australia Europeand Eurasia  Austria Latin America and Caribbean  Argentina
Africa Botswana Asiaand Pacific Bangladesh Europeand Eurasia  Belgium Latin America and Caribbean  Bahamas
Africa Burkina Faso Asiaand Pacific Fiji Europeand Eurasia  Bulgaria Latin America and Caribbean Bermuda
Africa Cameroon Asiaand Pacific India Europeand Eurasia  Croatia Latin America and Caribbean  Bolivia
Africa Cape Verde Asiaand Pacific Japan Europeand Eurasia  Cyprus Latin America and Caribbean  Brazil
Africa Chad Asiaand Pacific Maldives Europeand Eurasia  Czech Republic Latin America and Caribbean Chile
Africa Congo Asiaand Pacific Marshall Islands Europeand Eurasia  Denmark Latin America and Caribbean  Colombia
Africa Ethiopia Asiaand Pacific Micronesia Europeand Eurasia  Estonia Latin America and Caribbean Costa Rica
Africa Gabon Asiaand Pacific Mongolia Europeand Eurasia  Finland Latin America and Caribbean  Dominican Republic
Africa Gambia Asiaand Pacific Nepal Europeand Eurasia  France Latin America and Caribbean Ecuador
Africa Ghana Asiaand Pacific New Zealand Europeand Eurasia  Georgia Latin America and Caribbean  El Salvador
Africa Guinea Asiaand Pacific Palau Europeand Eurasia  Germany Latin America and Caribbean  Guatemala
Africa Kenya Asiaand Pacific Philippines Europeand Eurasia  Greece Latin America and Caribbean  Honduras
Africa Liberia Asiaand Pacific Republic of Korea Europeand Eurasia  Hungary Latin America and Caribbean  Mexico
Africa Madagascar Asiaand Pacific SriLanka Europeand Eurasia Iceland Latin America and Caribbean Panama
Africa Mali Asiaand Pacific Taiwan Partnership Europeand Eurasia  Ireland Latin America and Caribbean Paraguay
Africa Mauritius Asiaand Pacific Thailand Europeand Eurasia  Israel Latin America and Caribbean Peru
Africa Namibia Asiaand Pacific Vietnam Europeand Eurasia  Italy Latin America and Caribbean Suriname
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Figure 1: GLOBE Countries
This appendix includes a number of figures that provide additional information and context for

data presented in the main body of this paper.
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Figure 2: Total COVID-19 Cases World
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Figure [2| shows the growth of total cases in all countries around the world in 2020 (Jan 1 - Dec
31). It also shows the five countries that had the highest number of total COVID-19 cases as of
December 31.

The following figures E|, @ m show the total density of GLOBE data submissions over

time by region.

All GLOBE Submissions Past 5 Years

180K
North America
[ Europe and Eurasia
160K I Asia and Pacific
M Near East and North Africa
W Africa
140K I Latin America and Caribbean
120K
1%}
c
.0
a
‘€ 100K
i)
3
2}
2
< 80K
@
=
60K
40K
20K
oK

Mar20,16 Sep18,16 Mar19,17 Sep17,17 Mar18,18 Sep16,18 Marl7,19 Sep15,19 Marl1520 Sep1l3,20

Figure 3: Total GLOBE Submissions by Region Over Time
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Figure 4: Total GLOBE Citizen Science Submissions by Region Over Time
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All Email Data Entry Submissions Past 5 Years
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Figure 5: Total Email Data Entry GLOBE Submissions by Region Over Time
All Web Form Submissions Past 5 Years
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Figure 6: Total Web Form Submissions by Region Over Time
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All GLOBE Observer Submissions Past 5 Years
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Figure 7: Total GLOBE Observer Submissions by Region Over Time
All Mobile Data Entry Submissions Past 5 Years
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Figure 8: Total Mobile Data Entry Submissions by Region Over Time

The next four figures show the log-log relationship between data submissions (by type) and
total cases. The vertical axis shows the log number of data submissions and the horizontal axis
shows the total number of COVID-19 cases for GLOBE countries.
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Figure 9: Log-Log View of Submissions vs COVID-19 Cases

The upper-left hand figure with yellow data points shows mobile data entry submissions, the
upper-right hand figure with red data points shows email data entry submissions, the lower-right
hand figure with green data points shows GLOBE Observer submissions, and the lower-right hand
figure with blue data points shows web form submissions.

In each of these figures, the vertical gray bar represents where the log total cases are between
11 and 14 (or in other words, where the cases are between e!! ~ 59,874 and e'* ~ 1,202,604). The
total COVID-19 cases and submissions represent only GLOBE countries. The log total cases at 11
corresponds with the date March 22, 2020 and the log total cases at 14 correspond with the date
May 4, 2020. These figures show a clear dip in log submissions within that time frame.

Next, we look at the total number of data requests from the GLOBE Visualization System by
sphere in 2019 and 2020 (Figure . The left side charts show 2020 data and the right side charts
show 2019 data. The key for the sphere colors can be seen on the far left and far right sides of the
figure. The pie charts show the ratio of sphere data requested and the bar charts show the total
data submitted by sphere. Shades of orange represent atmosphere protocols, brown shades repre-
sent pedosphere protocols, blue shades represent hydrosphere protocols, and green shades represent
biosphere protocols.
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Figure 10: GLOBE Visualization Requests by GLOBE Sphere

Comparing 2019 and 2020, we see that percentage-wise, atmosphere protocols have grown in
popularity between 2019 and 2020. Numerically, the total number of requests for atmosphere
protocols have remained approximately the same between the two years. Surface temperature was
the most requested atmosphere protocol in both 2019 and 2020. Biosphere received slightly more
request interest in 2020 compared to 2019 and tree height was the most popular protocol in both
years. Hydrosphere and pedosphere show a slight decrease in visualization requests. The most
popular protocol requested from hydrosphere in 2019 and 2020 was the mosquito protocol. From
pedosphere, the most popular protocol was soil temperature.

Figure shows similar bar charts but for the ADAT system. Here, we are looking at data
downloaded from 2017 to 2020 by protocol/sphere. In 2020, although we see a more uniform dis-
tribution of data downloaded by sphere, we have nearly a quarter of the interest in atmosphere
in 2020 compared to 2018, an equivalent amount of interest in biosphere in 2020 as in 2019, half
the interest in hydrosphere in 2020 compared to 2018 and half the interest in pedosphere in 2020
compared to 2018.
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Figure 11: Downloads from ADAT by GLOBE Sphere Totals
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